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Background
The City of Toronto, Canada, is second only to New York City in terms of the total number of high-rise residential buildings [1] . Not surprisingly, these multi-unit residential buildings (MURBs) comprise 55% of the dwelling units in the City of Toronto [2] . It has been estimated that Toronto MURBs emit over 2.6M tonnes of eCO2 annually due to the combined electricity and natural gas consumption of these buildings [2] , or more than 17% of the total annual greenhouse gas (GHG) emissions associated with natural gas and electricity consumption in the City in 2004 [3] . Thus, MURBs contribute significantly to the environmental impact of residential building energy use in the City of Toronto.
With over 2,000 mid-and high-rise MURBs and approximately 4,000 MURBs with fewer than five stories [2] , this vast building stock represents a tremendous opportunity to reduce energy use and the resulting GHG emissions. Toronto has ambitious GHG emission reduction targets of 30%, based on 1990 levels, by 2020 [4] so MURB energy retrofits are a natural course forward to reducing emissions in the residential sector.
Objective
This study was undertaken to determine how to easily identify MURBs with the highest energy intensity. In doing this, buildings with greatest environmental impact could be targeted first in order to efficiently reduce the impact of the MURB stock as a whole. To accomplish this objective it was necessary to determine the energy intensities of a large sample of MURBs and then to establish the building groups with the highest energy intensities. This way, policy recommendations targeting those groups with the highest energy intensities could be developed.
Approach
Many Toronto MURBs were designed and built during the 1960s and 1970s and, therefore, they exhibited similar architectural features and mechanical system characteristics. Accordingly, this study examined correlations between building typologies and energy use. Correlations between normalized energy use and building characteristics were sought using two distinct data sets. The preliminary data examined included buildings from three existing databases. A meta-analysis of this data was carried out, and it was concluded that additional energy data and more complete details about building characteristics were needed. A second, refined data set was assembled from the best quality data in the meta-analysis data set and then supplemented with buildings that were new to the study. Since this refined data set contained more detailed and comprehensive building information, it became possible to examine how various building characteristics, previously unexplored in the meta-analysis, affected energy use. The results of the search for correlations between similar basic building characteristics and energy use are reported here and the significance of the findings discussed. This paper concludes with a series of recommendations for researchers and policy makers on building energy data collection strategies and benchmarking practices so that better quality data can be used to develop policy interventions to efficiently reduce energy-use and GHG emissions in existing MURBs.
Previous work
A number of other studies, based on consumer-supplied energy data of MURBs in the Greater Toronto Area, have sought correlations between energy intensity and various characteristics such as building vintage, height and floor area. In these studies, which included less than 100 buildings, one showed no significant correlations [5] while another discussed observed correlations between energy intensity and building height, gross floor area and vintage without detailing the strength of these correlations [6] . Two studies showed a negative correlation between energy intensity and floor area [7] [8] . One of these studies also indicated that privatelyowned buildings, as opposed to public housing, had higher average energy intensities than public housing and that buildings heated with natural gas exhibit higher average energy intensities than those heated electrically [8] .
Another study from the west coast of Canada and two other international studies were also examined. A study of 39 MURBs in British Columbia, found that buildings constructed after the 1990s used more energy than older buildings [9] . A Swedish study of 22 new buildings featuring similar design and construction showed correlations between MURB energy intensity and building shape factor and the size of the common areas [10] . A Korean study [11] found that energy use also varied according to the building shape as well as whether the building housed commercial space.
In this study, researchers sought a larger sample size compared to the previous investigations, described above, with the aim of developing stronger correlations. To the authors' knowledge, this work is the only Toronto-specific published study that examines correlations between energy use and envelope and mechanical system characteristics. These more detailed correlations are important for properly identifying the largest contributing factors to energy intensity. By identifying these factors, retrofit measures can be prioritized and new building code measures, such as decreased fenestration ratios, can be supported. Finally, all results have been normalized to the Canadian Weather for Energy Calculations (CWEC) so that other researchers can easily use these data to build upon this work in the future.
Building Characteristics and Energy-Use Data
Data were assembled from three existing data sets to form the Meta-Analysis Data Set and were later supplemented with more detailed data to form the Refined Data Set. The characteristics of each data set are presented here along with details on how the data sets were used and the limitations that must be considered when reviewing the analysis.
Meta-Analysis Data Set
In order to build on the work of others, existing MURB energy use data sets were sought. The MetaAnalysis Data Set combined energy use data and basic building characteristics from three different data sources. Considering the building heights and vintages sampled, the inventory from both the Meta-Analysis data set and the Refined data set can be compared to an estimate of the entire MURB population in Toronto as shown in Figure 1 . The "percentage of sample" refers to the proportion of the total number of buildings in the particular data set that fall within a given category. Similarly, the "percentage of population" refers to the proportion of the total number of buildings in Toronto that fall within a given category. If the "percentage of sample" is larger than the "percentage of population", then that category is over-represented in the sample and vice versa.
The data for the number of Toronto buildings in each height and vintage category has been calculated by adjusting data derived from the TObuilt database [2] . The TObuilt database is an online resource which houses information on building characteristics for 1,530 high-rise MURBs (greater than eight stories), and 125 mid-rise MURBs category (five to eight stories).
Limitations of the Meta-Analysis Data Set include a slight over-representation in the mid-rise category and a slight under-representation in the high-rise category. In terms of building vintage, the Meta-Analysis Data Set significantly over-represents the population of buildings constructed between 1981 and 2000.
With respect to the quality of the data, portions of the Meta-Analysis Data Set were incomplete or missing and the building characteristics data were not sufficiently detailed. In some cases, monthly electricity data were not available or only annual natural gas and electricity data were provided. Additionally, the Meta-Analysis data generally lacked information about mechanical system efficiencies and building envelope details.
Refined Data Set
A Refined Data Set, composed of 40 buildings, was assembled to address the data limitations of the MetaAnalysis Data Set. More complete energy consumption data and information about building characteristics including parameters such as fenestration-to-wall ratio, envelope thermal resistance and mechanical equipment efficiency were available for these buildings.
The Refined Data Set included 20 buildings from the Meta-Analysis Data Set and 20 new buildings including:
two that were the focus of a study by Tzekova et al. [13] ; three that were the subject of a community energy plan for the City of Toronto [14] ; and 15 that were obtained from energy audit reports conducted by engineering Overall, the Refined Data Set sample distribution of building height, also shown in Figure 1 , was similar to the Meta-Analysis distribution. But, as with the Meta-Analysis Data Set, there was an over-representation of newer buildings from the 1990s.
Data Set Usage and Sources of Error
Both data sets were analyzed to determine correlations between building characteristics and energy use.
As maximizing the number of buildings included in each correlation was a priority, the larger Meta-Analysis Data Set was first examined for correlations with readily available building characteristics such as vintage, size and occupancy type. The Refined Data Set was then used to seek correlations with certain building envelope and mechanical system properties. The Meta-Analysis correlations were repeated for the Refined Data Set to ensure there were no significant differences between the data sets.
Energy Intensity Determination
Most of the correlations were sought with respect to energy intensity. The energy intensity of each building was determined by dividing the total weather-normalized energy consumption by the gross floor area.
The gross floor area represents the total area containing residential suites, lobby, common areas, and any conditioned recreational areas. It typically did not include underground parking areas even though this space is at least partly conditioned in many buildings.
It is important to note that the method used to obtain the gross floor area reported in the data sets is not known. One publication cited that, depending on the calculation method, the floor area of a building can vary by up to 20% [10] . Often, the gross floor area is estimated from floor plans of the building, from physical measurements of the building, or from values obtained from real estate information. These methods may not yield accurate measurements of total floor area. The most accurate gross floor area information is likely to exist for condominiums since this information is important for subdividing ownership of the building.
In order to determine the energy use per suite, the average suite size was needed. Detailed data on various suite and common space areas was not available so the authors used an "attributed" suite size rather than the actual suite size. The average attributed suite area was estimated by dividing the gross floor area by the number of suites. This average attributed suite area will be larger than the actual average suite size because it also includes a proportion of the common areas.
Sources of Error
The accuracy of the energy intensity values may be affected by errors in the estimated gross floor area as well as by the use of the average attributed suite floor area. Additionally, if the underground parking area is conditioned but not included in the gross floor area, the energy intensity based on the occupied space of the building will be overestimated. The effect of an inaccurate estimation of the floor area of conditioned space will be diminished with a larger data set as errors offset one another; however, more detailed data are generally required with respect to whether parking garages are included in the gross floor area and whether these spaces are conditioned.
Information about the building characteristics used in the correlation analysis of the Refined Data Set was gathered from energy audit reports for each building. Building information was collected by more than 12 different individuals as part more than seven different engineering consulting firms. The practices and the assumptions made by each firm vary, and the judgment of each individual may contribute to inconsistencies and variability in the data. Since the energy data and building information were not collected specifically for this study and since information was not necessarily recorded with the aim of being directly comparable with other data sources, the data were scrutinized for inconsistencies. It is possible that some of the data, such as fenestration ratio and boiler efficiencies, were estimated as opposed to actually measured because data sources were not generally identified in the audit reports.
In order to minimize the effect of these errors, further research was conducted. For example, supplementary data sources such as photographs of the buildings obtained through internet searches were used to verify information such as the fenestration ratio, the presence of balconies and through-wall slabs, the general type of wall construction, the number of floors, as well as the window air conditioning units and roof-top equipment such as make-up air units. Building address searches were used to obtain more information about the ownership type and the presence of amenities such as pools or fitness facilities. Finally, census information combined with the number of suites was used to estimate the average number of occupants per suite. However, it is important to note that, even with an accurate estimate of the number of occupants, occupant behaviour will always vary. For example, energy-use profiles vary between buildings that house young families compared to buildings that house senior citizens. Obviously, census information by tract cannot provide the necessary building-level detail about occupant profiles.
Data Processing Procedure
From building to building, the energy data varied according to location, billing periods and billing years.
Therefore, normalization was required to account for these variations. The normalization processes applied depended on the data characteristics and was different for each data set. A spreadsheet program was used for all of the normalization processing.
Data Normalization
Three different normalization processes were undertaken: calendarization, normalization of total energy consumption and finally, weather normalization.
Calendarization was carried out to allow buildings with different billing cycles to be directly compared.
Meter reading dates were used to apportion energy use to a particular calendar month.
For one data source, total consumption normalization was required when the sum of the monthly energy consumption did not equal the total annual consumption provided. One of the reasons this "difference" can occur is because utility companies will sometimes estimate consumption and make a subsequent adjustment based on an actual meter reading. This discrepancy was minimized by distributing the "difference" equally among the months of the affected year before the weather normalization process was started. In all cases, where total consumption normalization was required, the adjustment did not change the total annual consumption by more than 2%.
The energy consumption data were collected from a range of years for buildings in the Greater Toronto Area.
Weather conditions vary from year to year and location to location thereby influencing energy use. Thus, energy consumption data must be weather normalized to a common year and location to allow for comparison between buildings. The weather normalization process involved the following steps:
1. The monthly degree-days were plotted against the monthly energy consumption for all of the available months of data, as shown in Figure 2 . 2. Linear regression was then used to determine a line-of-best fit for the data.
3. The coefficient of determination or the "R 2 value" of the linear regression was used determined to indicate how well the degree-days explained the building energy use.
4. The equation of the line-of-best fit was then used to determine the energy consumption over a "standard weather year." This was done by inputting the monthly degree-day data from the standard weather year into the line-of-best fit equation in order to determine the resulting standard monthly energy consumption.
5. The sum of the monthly energy consumption represented the weather-normalized annual energy consumption value.
The historical monthly Heating Degree-Day (HDD) and Cooling Degree-Day (CDD) data were obtained from Environment Canada for the applicable locations and years. All degree-days for both historical weather and the standard reference year were calculated with an 18°C base, based on the assumption that heating is not required until the exterior temperature falls below this base [15] . The standard weather year was based on data from the Canadian Weather for Energy Calculations (CWEC) database. The CWEC data used in this paper were based on Toronto mean temperatures from 1960-1989.
HDD were used for the natural gas weather normalization while three separate correlations were performed with electricity data to capture the possible use of electricity for both heating and cooling. The three correlations included monthly electricity consumption plotted against 12 months of HDD, 12 months of CDD, and a composite 6-month HDD (November through April) and 6-month CDD correlation (May through October). The resulting trend with the highest correlation coefficient was used for the normalization. If either the 6-month HDD or 6-month CDD regression resulted in the best correlation, the electricity consumption data were normalized by a composite of six months of HDD and six months of CDD.
Data Classification
Following weather normalization, further data processing of the Refined data set was necessary before determining the influence of building characteristics on energy use. This additional processing of the Refined data set was completed because the more detailed data available in this part of the study warranted investigation beyond the total natural gas and electricity intensities. First, the base (weather-independent) component and the variable (weather-dependent) component of the natural gas and electricity consumption were identified.
Additionally, the buildings were classified according to the primary heating system type.
Base Load Determination
Two methods were used to determine the base load component. The first method used was the Y-intercept from the weather normalization as shown in Figure 2 .
The second method used was the average between the two lowest months of energy consumption to estimate the base load. For natural gas loads, the two months of lowest consumption were typically July and August. For electrical loads in buildings with air conditioning, April and October were typically the lowest.
Generally, the "Y-intercept Method" was preferred but the "Low Average Method" was used for buildings exhibiting a relatively low R 2 value in the weather normalization because the Y-Intercept was deemed less certain.
Base and variable electricity consumption were determined using the Y-intercept method on the best of the three correlations between electricity use and HDD and CDD as described in Section 3.1.
Heating System Type Determination
Buildings were classified according to primary heating system type to ensure that like-to-like comparisons were made between the buildings within the Refined Data Set.
Toronto is a heating-dominated climate therefore the most significant contributor to variable, or weatherdependent, load is space heating. So, to verify the heating system information provided in the audit reports, the weather-dependence of variable heating and electricity use was plotted against one another, as shown in Figure 3 .
Buildings with high variable natural gas intensity and low variable electricity intensity were assumed to have natural gas heating. Natural gas is the primary fuel source used in Toronto because it is readily available and more economical than using electricity for space and domestic hot water heating. As expected, the majority of buildings in the study were classified as natural gas heating. Some building data included details of the type of natural gas heating system -hydronic, radiators or fan coil units. However, some buildings, with high variable electricity loads and low variable natural gas loads were assumed to use electricity for the primary heating system, also shown in Figure 3 . Buildings with relatively low variable energy intensities in both energy source categories were classified as combination systems. Therefore, buildings were allocated to one of three groups: natural gas heating, electric heating, or a combination of both.
Additionally, some buildings also had air-conditioning which was either suite-based or centrally supplied.
The presence of air-conditioning in a building was determined based on the results of a correlation between total electricity use and CDD. If the correlation coefficient was greater than 0.5, it was assumed that the building had air conditioning.
Using the findings from Figure 3 and the correlations between electricity use and CDD for each building, the heating system type and presence of air-conditioning were determined. Table 1 summarizes the number of buildings assigned to each category.
Results and Discussion
After completing the data processing, the building energy use data from the different sources could be directly compared. A discussion of the energy intensity of the data sets and a selection of the most significant correlations are presented here. Figure 4 shows the weather-normalized energy intensity for each building in the data sets, with an average of 300ekWh/m 2 . The worst performing buildings (grouped as the highest 10% of energy users) used more than three times the amount of energy consumed by the best performers (lowest 10% of energy users). This indicates a high level of variability in the data sets. However, there is some uncertainty as to whether the energy data of the two best performers, in particular, are complete given the extremely low energy intensity of these buildings.
Energy Use
The range in energy intensity may reflect a variety of factors. These factors include differences in the way the buildings are operated, in the efficiency of the major mechanical and electrical systems, and in materials and methods used to construct the building envelope.
A study of building energy use in New York City assessed annual energy intensity in a similar way [16] .
The authors of the New York study suggested that the buildings with the highest energy intensities could achieve significant reductions in energy use through low-cost means such as adjusting controls, sensors and schedules of mechanical equipment. They estimated the impact of this change by considering a few different energy reduction scenarios.
Based on their findings, it is believed that the highest energy intensity buildings from the Refined Data Set could achieve the median energy intensity of the sample through relatively inexpensive adjustments to building operations and maintenance. This assumes that the Refined data set sample is representative of the actual Toronto MURB population, which is discussed in Section 2.1, and that these low-cost energy-savings opportunities in New York City are similar to the opportunities available in the Toronto MURB stock. If these assumptions are true, simple energy conservation measures could reduce energy consumption of the entire Toronto MURB building stock by more than 10%, as shown in Figure 5 . Going further, if all the buildings were able to achieve an energy intensity equivalent to that of the 75 th percentile, the total reduction in energy use would be more than 35%.
Further research on the worst performers in the Toronto MURB stock is needed to determine what proportion of building energy use can be influenced by these operational changes. Table 2 summarizes the weather-normalized minimum, maximum and average total annual energy intensity as well as the associated GHG emission intensity and the average energy source mix of each data set.
The average energy mix of the Refined Data Set (33% electricity and 67% natural gas) is only slightly different from the published energy mix of apartment buildings in Ontario: 34% electricity and 66% natural gas [19] . The GHG emission intensity figures together with average building size and number of MURBs are consistent with another published estimate which reported that Toronto MURBs erected between 1945 and 1984 were responsible for between 2.0M and 2.2M tonnes of eCO2 [20] .
Generally, the results of this analysis are in line with existing studies [5] [6] [7] [8] when weather-normalization procedures are considered. Figure 6 shows the average, maximum and minimum energy intensity for the other
Toronto and Ontario studies discussed in Section 1.3 along with the average HDD for the years from which the energy data were taken. Disparities between this study and others are due, in part, to differing weather normalization practices. The data in this study were normalized to the CWEC standard weather year in order to directly compare buildings with data from different years. As discussed in Section 3.1, this standard year is based on the average weather data in Toronto for a 30-year time period from 1960-1989. This standard weather year is colder or warmer than the base years used in other studies. For example, the CWEC has over 20% more heating degree days than the average from 1990 to 2011. The authors are currently developing a Heating Climate Index (HCI) to transform standard weather year data to an approximation of actual energy use in a given year without repeating the weather normalization process from the original data.
Correlation between Building Characteristics and Energy Use
With the normalized energy intensity data compiled, correlations with various building characteristics were sought. The Meta-Analysis Data Set included only basic properties such as building height and vintage while the Refined Data Set included more detailed data such as envelope characteristics and mechanical system details. A selection of the most significant correlations from each data set is presented here.
Meta-Analysis Data Set
The aim of this study was to associate energy intensity with building typologies. As architectural typologies are typically associated with a particular time period, the authors felt that the most appropriate correlation analysis was between building energy use and date of construction. No correlation could be found between energy intensity and gross floor area, number of suites or building height. Naturally, the total building energy use increases with size, however the correlation between energy intensity and building size is not strong enough to suggest a trend even when buildings are classified by vintage or ownership type. The lack of correlation is likely due to the significant variation of the energy intensity data as previously shown. This finding suggests that if policy makers want to set certain energy intensity benchmarks or energy performance standards, different benchmarks for high-rise, mid-rise, and low-rise MURBs may not be required. However, this finding differs from another study based on Canada-wide HiSTAR data only [8] which
showed that buildings between 7 and 20 stories were the most energy intensive group.
Investigation of the Meta-Analysis Data Set also included an exploration of the relationship between ownership type and energy intensity. On a gross floor area basis, privately-owned condominiums had the lowest average energy intensity, but on a per suite basis, they had the highest energy intensity as shown in Figure 9 .
This difference in energy intensity, depending on the normalization method (by suite or area), can be explained by considering a few different factors. First, condominium buildings typically have larger suite sizes and thus presumably a lower occupant density, which explains the lower area-based energy intensity. However, when viewed on the suite basis, the higher energy intensity can be attributed to generally higher incomes and therefore more household appliances and electronics. It can also be attributed to the greater common area loads often seen in condominiums such as pools and gyms. As well, with larger suites, common area energy use is spread over a smaller number of units. The energy intensity of the subsidized rental buildings on both the 'per area' and 'per suite' basis was lower compared to the other ownership types. This can perhaps be explained by restricted operating budgets and limited common areas, typical for this ownership type.
In addition to examining how energy intensity is influenced by building characteristics, a correlation between attributed suite size and construction date was sought to see if generalizations could be made how suite size has changed over time, as shown in Figure 10 .
From the oldest buildings in the data set to the 1980's, the average attributed suite size increased.
However, in recent years, the data reveal the prevalence of smaller suite sizes. This could be influenced by the size of common areas, the actual suite sizes or both.
Refined Data Set
Within the Refined Data Set, buildings were first grouped according to heating system type to ensure a like-to-like comparison. Variables relating to the mechanical and electrical system, the building envelope, and the occupancy characteristics were then examined to determine their influence on energy intensity. First, these individual variables were tested against various measures of energy use (normalized by suite or area) to determine where correlations existed. The correlations revealed the expected results but with weaker correlation coefficients than anticipated. A selection of the correlations is presented here.
Since the majority of heat loss and solar heat gain through the building envelope is through the glazing, it was expected that the larger the fenestration ratio, the greater the resulting heating and cooling loads. This expected relationship is revealed Figure 11 . The relationship, with respect to natural gas consumption, appears to be stronger in buildings with double-glazed windows than with buildings with single-glazed windows. This stronger correlation with double-glazed windows is shown by the higher correlation coefficient in Figure 11 .
It is possible that the R 2 value for single-glazed windows was lower than the R 2 value for double-glazed windows because single-glazed windows are generally older and the glazing units are in worse condition. Thus, the air-tightness of the glazing assemblies may be a significant factor that governs heat loss for these buildings, not just the fenestration ratio. Similarly, a higher fenestration ratio also leads to greater air conditioning loads (R 2 = 0.58 for variable electricity intensity versus fenestration ratio for double-glazed window). This is expected because of solar gains as well as conductive and convective heat gains from the outdoors during the summer.
Glazing thermal conductance (U-value) is another factor contributing to heating and cooling loads. Higher U-values mean that more heat transfer occurs and thus heating and cooling loads will presumably be higher. This was confirmed for both heating and cooling albeit, the heating condition showed a weaker correlation. The stronger correlations shown with fenestration ratio suggest that glazing area has a greater effect on heating intensity than window thermal conductance.
Another factor affecting building heating loads is the efficiency of the heating system. It was expected that the more efficient the heating system, the lower the resulting variable natural gas intensity. However, the relationship between variable natural gas intensity and boiler efficiency, as shown in Figure 12 , was not as strong as expected. This may be due to the fact that the boiler efficiencies provided in the audit reports may not reflect the actual efficiency of the heating system. Therefore, while the approximate relationship is correct, the correlation could be stronger with data that better reflects the actual performance of the system.
The provided boiler efficiencies are either rated or estimated. The rated efficiency is intended to be an indication of the efficiency of the boiler when it was new; however, it is possible that this efficiency was never achieved. Also, as the boiler ages, efficiency declines. The rate of decline depends on maintenance practices, the boiler use patterns, the type of boiler, and the boiler and pipe configuration. The influence of boiler age on variable natural gas intensity was also investigated but resulted in a similarly weak correlation, likely due to the wide range of factors affecting boiler efficiency.
Therefore, for some of the variables such as boiler efficiency and fenestration ratio, the correlation coefficient was found to be low because the data may not always reflect the actual conditions of the building. For other variables such as the thermal conductance of the glazing, it was speculated that a different building characteristic such as glazing air-tightness may govern the energy-use relationship instead. However, this hypothesis could not be tested since no data relating to glazing air-tightness were available.
As discussed above, the correlations between energy use components and single building characteristics were lower than expected. Given the systems-based interaction between building components, the authors believed that considering a group of explanatory variables, instead of one variable at a time, may better explain the range of energy intensities across the building stock. Therefore, a multi-variable regression analysis was conducted to determine the influence of a combination of variables.
Prior to conducting the multi-variable regression analysis, predictions were made regarding the variable groupings that would have the most significant effect on different components of energy use. These predicted groups or those variables were expected to emerge as the most influential for a particular energy use component are shown in Table 3 .
The correlation coefficients remained low in the multi-variable linear regression models conducted for the various components of energy intensity. Similar to the correlation analysis, the multi-variable regression analysis was also limited by the type and quality of data available.
Finally, buildings that were significantly different from the identified trends were examined in greater detail to determine the reasons for the anomalies. The analysis of anomalies revealed that although there was not one particular factor that could explain a large group of the anomalies, information on the special facilities, such as a pool or on-site daycare included in the buildings, aided in the explanation of a number of the anomalies.
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Conclusions and Recommendations
This study revealed a wide range in energy intensities of Toronto MURBs and that typology-specific energy-use trends could not be established. Nevertheless, a series of interesting observations and conclusions are presented here including recommendations that could be adopted by future researchers as well as policy makers.
Data set characteristics
The data sets represented the population reasonably well in terms of the division between low-rise and mid-and high-rise however some vintage categories were over-represented due to one of the data sources being based on the newer condominium market. Based on the analysis conducted, there did not appear to be any correlation between energy intensity and building height or size.
Recommendation: Specific policies for different building size groups may not be needed.
Energy Intensity Data
The observed energy intensities were highly variable. With this wide range attributed to differences in the way the building is operated, it was suggested that many buildings can realize significant improvements in energy performance by changing operating procedures. Further research is needed to refine the estimated impact of this improvement in the Toronto MURB population but more data is required to do this. 
Energy Mix
Toronto MURBs have significantly higher natural gas intensities compared with electricity intensities, as is the case for most of the residential built environment in the Toronto area.
Recommendation: To significantly reduce the GHG emissions associated with the MURB sector, natural gas savings measures should be promoted.
Correlation Analysis
Generally, the energy intensity trends observed in this study were as expected. However, the influence of individual building characteristics was not as certain as anticipated.
The energy intensity of buildings decreased with date of construction up until the 1970s when energy intensities began to increase again. This declining energy efficiency may be explained by increased fenestration ratios offsetting the gains of better air-tightness and envelope thermal resistance. To support this explanation, relatively strong correlations between fenestration ratio and variable natural gas intensity were found as well as increasing fenestration ratios in newer buildings. However, the fenestration ratio is a variable that cannot be easily altered in an existing building. Thankfully, this challenge has recently been addressed by the introduction of the new Ontario Building Code in 2012.
Heating system efficiency, second only to glazing characteristics such as fenestration ratio, is the variable most closely linked to energy intensity. However, the lower-than-expected correlation coefficient between variable natural gas and boiler efficiency could indicate that efficiency estimates of existing boilers are either not accurate or that boiler efficiency does not inadequately describe the performance of the heating system as a whole.
Recommendation: A cost-effective method for determining more accurate mechanical system efficiencies should be developed.
Weather Normalization
Using a 'standard weather year' is a rational way of making energy comparisons between various building studies. Many researchers and consultants have already relied heavily on the use of the CWEC standard weather year; therefore, there are compelling reasons for continuing this approach of weather normalization. However, using the standard weather year to predict energy savings from retrofit measures may lead to erroneous results in periods of changing climate or microclimate. Of particular concern is the risk of under-or over-stating savings due to retrofit. By adopting the recommendations outlined, the body of data on MURB energy use and building characteristics will be improved so that researchers can develop a more accurate and complete picture of the energy performance of MURB stock in Toronto. By furthering the work presented here, policy makers will have the information they need to efficiently target the highest energy intensity buildings thus maximizing the impact of energy conservation spending to reduce the impact of this sector. 
